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cycle durability by forming the current collector 
with an aluminum foil roughened at least on one 
face, and providing a roughened layer with the 
thickness in a specific range and an unroughened 
portion with the thickness in a specific range on 
one face of the aluminum foil. 



SOLUTION: An aluminum foil is roughened at 
least on one face, and this face is constituted of 
a roughened layer on a surface with a thickness of 

0.5-5 fim and an unroughened portion with the 

thickness of 8-30 jlm. When a layer containing a 
positive electrode active material is provided 
only on one face of the aluminum current collector 
foil, the roughened layer may be provided only on 
one face of the aluminum foil serving as a 
junction between the positive electrode active 
material layer and the aluminum foil. However, 
when the roughened layer is continuously provided 
on the aluminum foil at a high speed and at a low 
cost, the roughened layer may be provided on both 
faces of the aluminum foil, thereby a binder can 
be stuck firmly to the current collector. 
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(54) POSITIVE ELECTRODE FOR NONAQUEOUS SECONDARY BATTERY 
(57)Abstraet: 

PROBLEM TO BE SOLVED: To provide a stable current collector having a good 
holding property of an electrolyte and superior in charge/discharge cycle durability by 
forming the current collector with an aluminum foil roughened at least on one face, and 
providing a roughened layer with the thickness In a specific range and an ufirdughened 
portion with the thickness in a specific range on one face of the aluminum foil, 
SOLUTION: An aluminum foil is roughened at least on one face, and this face is 
constituted of a roughened layer on a surface with a thickness of 0.5-5 pm and an 
unroughened portion with the thickness of 8-30 urn. When a layer containing a positive 
electrode active material is provided only on one face of the aluminum current collector 
foil, the roughened layer may be provided only on one face of the aluminum foil serving 
as a junction between the positive electrode active material layer and the aluminum foil. 
However, when the roughened layer is continuously provided or? the aluminum foil al a 
high speed and at a low cost, the roughened layer may be provided on both faces of 
the aluminum foil, thereby a hinder can be stuck firmly to the current collector. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
10001] 

[Field of the InventionJThis invention relates to the positive electrode body for nonaqueous 
secondary batteries, especially the positive electrode foody for nonaqueous secondary 
batteries which has a polymer electrolyte. 
[0002] 

[Description of the Prior AriJThe cell using the material as an electrode active material which 
emits [ occlusion and ] an alkaline metal and alkali metal ion attracts attention as what has high 
energy density, and especially, since the energy density is high, especially a lithium secondary 
battery is widely used as a power supply of electronic equipment. 
[00G3JThe sheet shaped positive electrode body which the rechargeable battery using the 
conventional liquefied electrolysis solution carried out coating of the slurry which added the 
solvent to positive active material, the conducting material, and the binder, and was mixed to 
the surface of the charge collector which consists of metallic foils, for example, formed the 50- 
100-micrometer-thlck electrode layer, and was urnm with the charge collector by drying Is 
obtained. After obtaining a negative electrode body similarly, sheet shaped positive electrode 
body and negative electrode body are cut in a necessary size, It obturates, after il wound on 
both sides of the film of a separator in between, and considering it as the element, or 
laminating many anodes and negative electrodes by turns on both sides of the film of a 
separator in between, considering it as an element, accommodating Ibis element in a container 
and impregnating with an electrolysis solution, and it is considered as the cell. Improvement in 
charge~and~discliarge cycle durability [ rechargeable battery / using such a liquefied 
electrolysis solution ] is desired, 

iOD04]The measure against the liquid spill produced by using a liquefied electrolysis solution 
for a primary battery and a rechargeable battery in recent years, Various polymer electrolytes 
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are proposed from standpoints by the measure against ignitionability reduction of an 
inflammable electrolysis solution, and film-statedzing of a cell, such as improvement in the 
inclusion nature to electronic equipment, and effective use of a space (Patent Publication 
He;se; 8-507407). 

[0G05]A!ihough the polyethylene oxide system polymer electrolyte Is electrochemicaliy stable 
In It, there is a difficulty that the holdout of the solvent of organic electrolysis liquid is low. The 
poiyaorylate system polymer electrolyte of the three-dimensional structure of the holdout of a 
solvent is electrochemicaliy [ a good thing 1 unstable, and does not fit the cell of high potential. 
[0006]The polymer electrolyte which consists of polyvinylidene fluorides Is electrochemicaliy 
stable, since a fluorine atom is included, there is the feature thai the heat resistance of polymer 
is high, but If the temperature of a polymer electrolyte is raised, an electrolysis solution will 
ooze from polymer. On the other hand, the trial which solves this problem also occurs by using 
the copolymer of vlnylidene fluoride and hexafiuorapropytene. 

|0007]The conventional polymer electrolyte use lithium secondary battery had a fault which 
cannot perform the charge and discharge in a high current easily, and a fault which is Inferior 
In charge-and -discharge cycle durability, 

[G008]On the other hand, about the charge collector, in order to raise adhesion with the 
conductive polymer aoiive material which has oxidation reduction nature, using aluminum 
electrolysis foil for electrodes of an aluminium electrolytic capacitor as a charge collector Is 
proposed (JP,8-298137,A). 
[0009] 

Probiem(s) to be Solved by the InvefrtlonjAluminum electrolysis foil for electrodes of the 
above-mentioned aluminium electrolytic capacitor is used as a charge collector, When a 
positive electrode body is constituted using the mixture which consists of a polymer electrolyte 
which makes a matrix polymer including the polymerization unit based on a fluoroolefin, and 
positive active material, Adhesion improves compared with the case where aluminium foil 
which carried out surface roughening of the surface with smooth aluminium foil, sandblasting, 
etc. Is used as a charge collector. 

lOOIOJHowever, the Intensity of the obtained electrode Itself is weak, and breakage fakes place 
easily by the manufacturing process of a positive electrode body, or the lamination 
manufacturing process of each sheet of a positive electrode body / separator / negative 
electrode body, and aluminum electrolysis foil has an expensive problem. Although what is 
necessary is just to thicken thickness of electrolytic foil in order to secure the intensity of an 
electrode, while spoiling the weight saving of an electrode, and a miniaturization, there Is a 
problem which the amount of the aluminum electrolysis foil used increases, arm serves as a 
high cost further, 

[001 1]The hole of 10-100 micrometers of average pore sizes does 25-50000 piece [/cm I 2 
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existence of, and if Is also proposed that a numerical aperture uses the aluminum collector 
which is less than 5% ~~ *~** (JP,9~022699,A). Since the density of a hole was Insufficient, the 
adhesion power to the charge collector of a. polymer electrolyte was insufficient, It was difficult 
to balance the junction power to the intensity of a charge collector, and the charge collector of 
a polymer electrolyte, and the further improvement was desired. 
|0012JThen, this Invention solves these problems, even if Internal resistance is small and 
repeats a charging and discharging cycle, an electrode material Is not omitted from an 
electrode, It has neither reduction of cell capacity, nor Increase of internal resistance, and an 
object of this Invention is to provide low cost and the high positive electrode body for 
nonaqueous secondary batteries of charge-and-dlscharge cycle durability. 
[0013]8y adopting combining the aluminium foil which has a specific surface structure as a 
positive electrode body for nonaqueous secondary batteries which has a polymer electrolyte, 
and a specific polymer electrolyte, electrolytic holdout Is good and stable, it aims at providing 
tne positive electrode body of the nonaqueous secondary battery which was excellent in 
charge-and-dlscharge cycle durability. 
I0014J 

[Means for Solving the Froblem]|n a positive electrode body for nonaqueous secondary 
batteries which this invention makes come to unite positive active material with a charge 
collector, A positive electrode body for nonaqueous secondary batteries, wherein said charge 
collector consists of aluminium foil by which surface roughening was carried out at least in one 
side and this aluminium foil consists of a portion by which surface roughening of a thickness of 
8-30 micrometers is not carried out to a surface roughening layer of the 0.5-5 micrometers per 
one side-thick surface Is provided. 

I0015]!n this specification, a thing which made an anode which consists of a conducting 
material added positive active material, a binder, and if needed unite with a positive pole 
collector Is called positive electrode body. It is considered as a definition with the same said of 
a negative electrode body. 

£0016|it Is an elementary proposition of goods to reveal high capacity, the conventional foil for 
aluminium electrolytic capacitors maintaining intensity. On the other hand, it Is needed that a 
charge collector for cells has strong adhesive strength of an active material and a charge 
collector, and intensify of an electrode united with a charge collector is strong, and it differs 
from an elementary proposition of foil for aluminium electrolytic capacitors. Therefore, even if i{ 
applies foil for aluminium electrolytic capacitors to a charge collector for ceils, the characteristic 
good as a cell is not obtained. Then, this invention persons separated from foil for aluminium 
electrolytic capacitors, examined aluminium foil of a new structure wholeheartedly, and 
completed this Invention. 

[0017] As for electric capacity of aluminium foil which forms a positive pole collector of this 
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Invention, it is preferred that it Is 5-40-micro F/crrE, Adhesion strength to a charge collector of a 
mixture of positive active material and a polymer electrolyte fails that It Is less than 5 micro 
F/cm 2 

•'5 

(001 8) If 40 micro F/cm is exceeded, even If electric capacity becomes large more, adhesion 
strength to a charge collector of a mixture of a hinder or a polymer electrolyte, and positive 
active material will not improve any longer. Conversely, since a mechanical strength of the 
charge collector Itself fails, an etch rate must he made late when forming a surface roughening 
layer by continuation etching. Therefore, efficiency of etching is bad, and since the amount of 
the etching reagent used Increases, quantity of a byproducts aluminium chloride also 

increases. 10 - 30 micro F/cm 2 Is especially more preferred than a viewpoint of junction 
power, foil intensity, and cost. 

[00l9]ln thss invention, surface roughening layer thickness of aluminium foil is 0.5-5 
micrometers per one side. In less than 0.5 micrometer, junction power with positive active 
material declines. When using especially a polymer electrolyte, since junction to a polymer 
layer and a charge collector is performed only on the surface, a fall of junction power is 
remarkable. At more than 5 micrometers, the further Improvement Irs junction power Is not 
found, but for a weight saving of a cell, as a result of making thin thickness of a portion which 
is making Intensity reveal and by which surface roughening is not carried out, Intensity of 
aluminium foil fails. 

[0G2G]£tchjng methods of aluminium foil in this invention include three methods, exchange 
etching, direct-current etching, and chemical etching. And foil of various surface roughening 
structures where electric capacity of surface roughening layer thickness and a surface 
roughening layer was changed can be industrially produced continuously by choosing suitably 
an etching-reagent presentation, temperature, time, frequency, current density, the multi stage 
etching technique, etc, 

(0021 ] About formation of a spongy plane structure by exchange etching. For example, 
XEleetrochem.Soc. by R.S.AIwltt and others, 128,300-305 (1981), or the Sumitomo light metal 
technical reports 205-212 (it can carry out based on a detailed statement of 19939.) by 
Fukuoka and others In exchange etching, an aperture of a hole of the surface of aluminium foil 
can he made small by making frequency high or making etching temperature high. 
[0G22J.A surface roughening layer which consists of spongy porous structure formed by 
exchange etching. And the so-called layer of pit foil structure where performed direct -current 
etching using foil which a field (100) carried out orientation of the aluminium foil surface, and 
occupies most, and a hole was formed at right angles to a thickness direction of foil is a typical 
structure of a surface roughening layer of the surface of charge collector aluminium fell in this 
Invention, 
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|0023|As for an aperture of an opening , when the surface of charge collector aluminium foil in 
this invention is projected by 20,000 times with an electron microscope, It is preferred thai It Is 
0.05-0.5 micrometer substantially. It is preferred thai an aperture 1 cm* Hits and 5x10 ? -3x10 ia 
**** carries out a hole which Is 0.05-0,5 micrometer, it is preferred a cube and spherical or 
especially to maHe the middle shape into a basic etching configuration, and it is preferred thai 
It Is a spongy surface roughening structure. Although the total surface area by a detailed hole 
formed by etching reflects electric capacity, a binder becomes it difficult to go into an Inside of 
fine pores that an aperture is less than 0.05 micrometer, and junction power of a charge 
collector and positive active material declines. The fail Is remarkable when giving a function of 
a binder to a polymer electrolyte especially using a polymer electrolyte. 
f0024|Slnce it Is necessary to reduce the number of holes and junction power declines In order 
for intensify of aluminium foil to fall that a substantia! aperture Is more than 0.5 micrometer and 
to secure intensity, It Is not desirable. As for especially an aperture, it is preferred that It Is 
0,08-0.3 micrometer. However, an aperture in this specification shall show the longest path of 
a hole which has basic etching structure, when it observes by 20,000 times under a 
microscope. 

[0025JA spongy etching pit of aluminum collector foil by this invention is detailed in this way, 
and when it considered that density of a hole was that with which etching pits have not untied 
and observes by 20,000 times with an electron microscope, it is preferred that a numerical 
aperture by a surface hole is not less than 20%. Since a plane~of-oornposition product of a 
binder and collector foil decreases that a numerical aperture by a hole Is less than 20%, 
desired junction power is not obtained, junction power is dramatically weak when giving a 
function of a binder to a polymer electrolyte especially using a polymer electrolyte. 
[0026JA hole with the above-mentioned aperture of 0.05-0.5 micrometer lias Insufficient 

junction power in it being less than a project area [ of 1 cm ) 2 per 5x10 7 individual of a foil 

surface. When intensify of the surface roughening layer Itself falls that if is more than a 3x1 0 10 
piece and It uses especially a polymer electrolyte, Since a polymer electrolyte exfoliates easily 
In an interface with a portion to which surface roughening of a composite layer formed by 
trespassing upon a crevice of a surface roughening layer and uniting with a surface 

roughening layer and the aluminium foil Is not carried out, it Is not desirable. If is a 5x1 0 s ~ 

1.5x10 iw individual more preferably. 

[0027 Jin this invention, thickness of a portion to which surface roughening of the aluminum 
collector foil is not carried cut is 8-30 micrometers. When providing a layer which contains 
positive active material only in one side of aluminum collector foil, Although a surface 
roughening layer may be provided only in one side of aluminium foil used as a positive active 
material layer and a joined part of aluminium foil, when providing a surface roughening layer In 
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aluminium foil at high speed and cheaply continuously, a surface roughening layer may be 
provided in both sides of foil, 

[00281lntensify of foil runs short that thickness of a portion by which surface roughening is not 
carried out is less than 8 micrometers, and it becomes easy to damage at a process of 
laminating continuously the time of junction to positive active materia) and a charge collector or 
a pos;llve electrode body, a separator, and a negative electrode body. When It exceeds 30 
micrometers, weight and volume of an electrode body increase and it becomes difficult to 
salisfy a demand of a weight saving of a cell and a miniaturization. 

[0Q29]As for mechanical breaking strength of aluminum collector foil in this Invention, in order 
to make easy manufacture of a cell which has a positive electrode body which has junction to 
positive active material and a charge collector, and this charge collector, It Is preferred that it Is 
10 kg or more per foil width of 1 cm. Especially not less than 1.5 kg Is preferred. Since a thick 
kink colander Is not obtained but weight and volume of an electrode increase thickness of a 
portion by which surface roughening of the aluminium foil Is not carried out for raising Intensity, 
2,5 kg or less per foil width of 1 cm Is chosen. 

|0030]A nonaqueous secondary battery which has a positive electrode body by this invention, 
and has a liquefied electrolyte is excellent in charge-and-discharge cycle durability, when a 
binder used In order to paste up positive active material on a charge collector pastes a charge 
collector firmly. 

[0031] When especially a positive electrode body of this invention Is applied to a nonaqueous 
secondary battery which has a polymer electrolyte, Its improved effect of charge-and-discharge 
cycle durability is large. In the case of a nonaqueous secondary battery which has a polymer 
electrolyte, a polymer electrolyte contains in an electrode and it also has a function of a binder 
simultaneously with an electrolytic function, but since a polymer electrolyte contains a solvent 
and is swelling, compared with a binder contained in an electrode of the above-mentioned 
electrolysis solution system, Its adhesion power with a charge collector is weak. However, 
when It is a positive electrode body of this invention, and a polymer electrolyte enters a crevice 
of the surface of aluminum collector folk positive active material and a polymer electrolyte can 
be strongly stuck with a charge collector. 

[0032]tn this Invention, when an anode for nonaqueous secondary batteries has a polymer 
electrolyte, a polymer electrolyte makes organic polymer a matrix and contains a solution 
which consists of a solute of lithium salt, and a nonaqueous solvent which can dissolve lithium 
salt. Organic polymer which is a matrix of polymer, it is a copolymer including two or more 
sods of polymerization units, and when one or more sorts in this polymerization unit are the 
polymerization units based on a fluoroolefin and are contained 10% of the weight or more, 
electrochemical stability Is high, and especially since a rechargeable battery which can 
stabilize and operate by high tension is obtained, It is desirable. 
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|0033]A!though various things can be used as a fiuorooiefin of a raw material for obtaining a 
copolymer Including a polymerization unit based on a fiuorooiefin by polymerization, It excels 
sn copolymers [ with other monomers ], and chtorotnfiuoroethyiene, tetrafluoroethylene, 
vlnylidene fluoride, or hexafluoropropytene Is preferred at a point that intensity of polymer is 
high, A copolymer of a matrix of a polymer electrolyte in this invention can be preferably used, 
even If it Is Ihe copolymer to which copolymerization of 1 or mors of tee four above-mentioned 
sorts of fluorooleflns and other monomers was carried out even If it was the copolymer to 
which copolymerization or more of two of the four above-mentioned sorts of fluorooleflns was 
carried out. 

|0034|As other monomers which carry out copolymerization to the four above-mentioned sorts 
of fluorooleflns, For example, haxafluoroacetone, perfluoro (methyl vinyl ether), Perfluoro 
(propylvihyl ether), ethylene, propylene, isobutylene. vinyl pivalaie, vinyl acetate, benzoic acid 
vinyl, ethyl vinyl ether, Butylvinyl elder, cyctohexyMnyl ether, ethyl allyl ether, Cyclohexyl aiiyi 
ether, norbornadiene, croionlc acid and Its ester, acrylic acid and Its aikyi ester, methacryilc 
acid and Its alkyl ester, vinylene carbonate, etc. are mentioned. 

[0035]lt Is also preferred to use together fluorooleflns, such as influoroethyiene and vinyl 
fluoridation, ethylene (perfluoro butyl), and propylene (perfluoro octyi), with the four above- 
mentioned sorts of fluorooleflns. 

[0036'JA matrix of a polymer electrolyte specifically, Electrical conductivity when it Is considered 
as electrochemical stability and a polymer electrolyte, adhesion with a charge collector, From a 
strong viewpoint, vlnylidene fluoride / perfluoro vinyl ether copolymer, Vinylldene fluoride / 
chtorotrifluoroethylene copolymer, vinylldene fluoride / hexafluoropropylene f 
tetrafluoroefhylene copolymer, vlnylidene fluoride / hexafluoropropylene copolymer, etc, are 
preferred. Since vlnylidene fluoride / perfluoro vinyl ether copolymer is especially excellent In 
the above-mentioned characteristic, It is desirable. However, in this specification, an A/8 
copolymer shall mean a copolymer which consists of a polymerization unit based on A, and a 
polymerization unit based on B, 

[0037JAS for a content ratio of a polymerization unit based on a fiuorooiefin in polymer which 
forms a matrix of a polymer electrolyte in this invention, it is preferred that it is 10 % of Ihe 
weight or snore. When less than 10 % of the weight, it Is in a tendency for the pliability of a 
polymer electrolyte to become high too much, and for intensity to fall, in order to obtain a 
polymer electrolyte especially with high intensify, it is more preferred that it Is 60 % of the 
weight or more. 

IGOSSjAs for a polymerization unit based on one kind of fiuorooiefin, it is preferred that it: is 9? 
or less % of the weight, and it Is 95 or less % of the weight more preferably. If more than 9? % 
of the weight, the crystailiroty of polymer will become high, pliability falls, and molding 
workability falls, a lithium salt solution becomes being hard to Invade into a matrix, or electrical 
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conductivity of a polymer electrolyte becomes low. 

(0039jAs for polymer which forms a matrix of a polymer electrolyte, si Is more preferred than a 
standpoint of prevention from a volume change at the time of charge and discharge of a 
polymer electrolyte, and improvement in a mechanical strength that a bridge Is constructed if 
needed. 

10040'IAs for a molecular weight of polymer which forms a matrix of a polymer electrolyte, 
10,000-1 million are preferred. If a molecular weight exceeds 1 million, since it becomes it is 
remarkable, Is high and difficult to mix dissolution viscosity homogenously with a lithium salt 
solution, or the amount of maintenance of a lithium salt solution will decrease and electrical 
conductivity of a polymer electrolyte will fail, it Is not desirable. On the other hand, since a 
mechanical strength of a polymer electrolyte falls remarkably that it is less than 10,000, It is not 
desirable. 30,000-500,000 are adopted especially preferably, 

f'0041 jAs for a weight ratio of the positive active material/polymer electrolyte in an anode, it is 
preferred that it is 1 / 2 - 2/1 . Capacity of a cell falls that a weight ratio is less than 1/2. if 2/1 is 
exceeded, junction power of a fall of junction power to a charge collector or active materials 
will decline. 11 is 2 / 3 ~ 3/2 more preferably. 

[0042] In this Invention, a content ratio in polymer of a polymerization unit based on a 
fiuorooiefim a content ratio of other ingredients, a molecular weight of polymer, etc., Solubility 
or dlsperslbliify of a matrix to an organic solvent for forming a film, it can select suitably 
according to misdbility with a lithium salt solution of a matrix and the holdout of a lithium salt 
solution, an adhesive property to charge collector metal of a polymer electrolyte, intensity, a 
moldabilrty, handling nature, the ease of acquisition of a matrix, etc. 
[0043JAS a nonaqueous solvent of an electrolytic solution which a polymer electrolyte in this 
invention contains, carbonic ester is preferred. Carbonic ester can use both annular and a 
chain. Propylene carbonate, ethylene carbonate, etc. are Illustrated as cyclic carbonate. As 
chain carbonic ester, dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate, 
methylpropyl carbonate, methyliso propyl carbonate, etc, are illustrated. 
[0044)ln this Invention, the above-mentioned carbonic ester can be used for Independent or 
two sorts or more, mixing, tf may be used mixing with other solvents. If chain carbonic ester 
and cyclic carbonate are used together depending on material of negative electrode active 
material, a discharge characteristic, cycle durability, and charge and discharge efficiency may 
be improvable. 

[0045JAS an electrolyte used by this Invention, CIO, " and CF,,SO,. " , It is preferred to use any 
one or more sorts of the lithium salt which uses BF,\ PF. " , AsF " , SbF. " . and CF . CO " 

*♦ o © 6 ' '.$ 2 ' 

H ' , etc. as an anion. 
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[0048JAS for an electrolytic solution in this Invention, it is preferred to dissolve said electrolyte 
in said solvent by concentration of 0.2 2.0 moi/L If it deviates from this range, Ionic 
conductivity will fall and electrical conductivity of a polymer electrolyte will fall. 0.5 - 1,5 mo!/! Is 
selected more preferably. 

[0047jAs for content of a lithium salt solution in a polymer electrolyte, although said lithium sail 
solution makes a mixture or a polymer electrolyte and positive active materia! which were 
distributed uniformly unite with a positive pole collector and uses if as a positive electrode body 
into a matrix in this Invention, 30 to 90 % of the weight is preferred. Since electrical 
conductivity becomes it low thai it is less than 30 % of the weight, it is not desirable. Since it 
becomes Impossible for a polymer electrolyte to maintain a solid state when it exceeds 90 % of 
the weight, it is not desirable. 40 to 80 % of the weight is adopted especially preferably. 
[G048JA positive electrode body of this invention is producible by various methods. When 
applying to a nonaqueous secondary battery of an electrolysis solution system, an organic 
solvent is made to distribute a binder to the dissolution or homogeneity, positive active materia! 
is distributed further, and it: is considered as slurry. On a charge collector, this slurry is dried, 
spreading by bar coaler or a doctor blade, the cast, or after carrying out a spin coat, an organic 
solvent Is removed, and it is considered as a positive electrode body. 

[0049jln the case of a nonaqueous secondary battery which has a polymer electrolyte, polymer 
which forms a matrix of a polymer electrolyte is mixed with the dissolution or a solution which 
made it distribute uniformly and was made to dissolve lithium salt in a solvent to an organic 
solvent for example (this mixed liquor is also hereafter called mixed liquor for polymer 
electrolyte formation), Spreading mix this mixed liquor with positive active materia! further, 
consider it as slurry, and according to bar coaler or a doctor blade to a charge collector top, 
The cast or after carrying out a spin coat, an organic solvent which dried, and mainly dissolves 
or distributed said polymer is removed, and an anode film which made a mixture which 
consists of a polymer electrolyte and positive active materia! unite with a positive pole collector 
Is obtained. When some solvents used for a lithium salt solution at the time of desiccation 
evaporate, this film is newly impregnated with the solvent, or a film is exposed to the solvent 
vapor, and it is made a desired presentation. 

[OOSOJAs an organic solvent dissolved or distributed, said polymer, Although a teirahydrofuran 
(henceforth THF), methyl ethyl ketone, methyl isobufy! ketone, toluene, xylene, hhmethyi 
pyrroiidone, acetone, acetonitriie, dimethyl carbonate, ethyl acetate, butyl acetate, etc. can be 
used, In order for desiccation to remove this organic solvent selectively, a volatile organic 
solvent of 100 ** or less of boiling points, such as THF and acetone, is preferred. 
|0051 positive active materia! in this invention is a substance which emits { occlusion and I a 
lithium ion. For example, V of periodic table 4 fellows 1 II, Zr, Hf, and five fellows, Nb, Ta, six 
fellows' Cr, Co of Mn of Mo, W, and seven fellows, eight fellows' Fe, Ru, and nine fellows, ten 
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fellows' mckeL Eleven fellows' Cu ; 12 fellows' Zn, C6, 13 fellows' aluminum, Ga, In, 14 fellows' 
Sn, Chaicogen ghosts, such ss an oxide and a multiple oxide, a sulfide, etc, which use metal, 
such as Te of Pb, 15 fellows' Sb, 8i s and 18 fellows, as the main Ingredients, a oxy hafogenide, 
a multiple oxide of said metal and lithium, etc, can be used. 

i'0052]Especialiy as a lithium contained compound used for positive active material, a multiple 
oxide of lithium, a multiple oxide of manganese and lithium, a multiple oxide of cobalt and 
lithium, end nickel Is preferred. As for particle diameter of these positive active material, In 
order to make stabilization of anode slurry, and intensity of the electrode layer itself reveal, 30 
micrometers or less are preferred, 

[0G53]V¥hen the conductivity of the positive active material itself runs short, a conducting 
material may he added to positive active material. As a conducting material, desirable natural 
graphite with good conductivity or an artificial graphite graphitized highly Is used. Since 
electrolytic absorptivity is raised holding conductivity, 1 to 5% of the weight of carbon black can 
also be added. As for particle diameter of these conducting materials, 6 micrometers or less 
are preferred 

[0054jConductive polymers, such as a poly aniline derivative, a polypyrrole derivative, a poly 
thiophene derivative, a poly acene derivative, poly para-phenyiene derivatives, or those 
copolymers, may also be used together. 

[0055JA negative electrode and/or an anode are made to contain lithium in a nonaqueous 
secondary battery which has a positive electrode foody of this invention. Generally, let positive 
active material be a lithium contained compound at the time of composition of positive active 
material. Lithium can also be made to contain by a method of, or making lithium containing, or 
contacting a lithium metal to a negative electrode and/or an anode, and building it Into a 
negative electrode with an electrochemical process before a battery assembly at the time of a 
battery assembly. 

[OGSSJNegative electrode active material in a nonaqueous secondary battery which has a 
positive electrode body of this invention is the material which emits [ occlusion end j a lithium 
ion. Although material in particular that forms such negative electrode active material Is not 
limited, an oxide, carbon compounds, a silicon carbide compound, a silicon oxide compound, a 
titanium sulfide, a boron carbide compound, etc, which made a subject metal of a lithium 
metal, a lithium alloy, a carbon material, the periodic table 14, and 15 fellows, for example are 
mentioned. 

f0057JAs a carbon material, what carried out the pyroiysls of the organic matter on various 
pyrolysis conditions, an artificial graphite, natural graphite, soil black lead, expanded graphite, 
scaly graphite, etc, can be used. A compound which makes tin oxide a subject can be used as 
an oxide. As for particle diameter of these negative electrode active material, in order to make 
stabilization of negative-electrode slurry, and Intensity of the electrode itself reveal, 30 
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micrometers or less are preferred. 

|D058]A negative electrode body in a nonaqueous secondary battery which has a positive 
electrode body of this invention Is producible like a positive electrode body using said negative 
electrode active material and a negative pole collector. 

[00S91A separator of a nonaqueous secondary battery which has a polymer electrolyte In a 
nonaqueous secondary battery which lias a positive electrode body of this Invention is formed 
as fellows, for example. Namely, spreading make mixed liquor for polymer electrolyte 
formation into slurry form, and according to bar coater or a doctor blade to a glass plate top. 
The cast or after carrying out a spin coat, an organic solvent which dried, and mainly dissolves 
or distributed said polymer is removed, this Is exfoliated from a glass plate, a film which 
consists of polymer electrolytes Is obtained, and it is considered as a separator. When some 
solvents of a lithium salt solution evaporate at the time of desiccation, a separator film is newly 
impregnated with the solvent, or a separator film is exposed to the solvent vapor, and It is 
made a desired presentation. 

fOOeOjSince intensity can be Improved if porosity polypropylene, porosity 
polytetrafluoroethytene, a nonwoven fabric, polymers textile fabrics, a net, etc. are used as a 
reinforcement body, a polymer electrolyte is supported and It is a separator, it is desirable. 
[0061 JAIthough a matrix of a polymer electrolyte used for an anode, a separator, or a negative 
electrode may be the same presentation, in consideration of the oxidation resistance of 
polymer, and reduction-proof nature, a presentation may be changed if needed. 
|0062]There are no restrictions in particular in shape of a lithium cell of having a positive 
electrode body of this invention. A sheet shaped (what is called film state), a letter of folding, a 
wound type closed-end cylindrical shape, a button form, etc. are chosen according to a use. 
[0083] 

lExarnplelAlthough an example (Examples 1 and 2) and a comparative example (Examples 3 
and 4) explain this invention concretely below, this invention is not limited to these, 
iOOS4MExampie 11 The autoclave made from stainless steel with an agitator of the content 
volume 11 Is used, 59.4 g and sec-butano! for 540 g and tert-butanol 0.8 g, [ ion exchange 
water ] 6-g and Na 2 HPG 4 and 12H ? 0 for C/^CCXNH^ 12 g, FeS0 4 and [ 6 g and ] 7H 0 0 for 

ammonium persulfate 0.009 g, 1 1 g and 40.5g CF 2 *CFOCF CF CF 3 were added for EOTA 

and 2H ? 0 ietbylenedlaminetetraacetic acid 2 matter of chance), and S8.8 g of vinylidene 

fluoride was taught for the gaseous phase after substitution with nitrogen, After carrying out 
temperature up to 25 the 1-% of the weight solution of CH,OHSO ? Na and 2H,0 (Rongalite) 

was added at the rate of 21 ml/hr, and the polymerization reaction was performed. Since the 
pressure declined with advance of the reaction, vinylidene fluoride was taught so that the 
pressure of 23 atmospheres might be maintained. The gaseous phase after 5 hours was 
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purged, the polymerization was suspended, and the emulsion of 30 % of the weight of 
concentration was obtained. 

[GOSSjit condensed, washed and dried and vinyiictene fluoride / CF, ~CFOCF 2 CF^CF^ 

copolymers were collected. The presentations of this copolymer were vinyiidene 

fluoride /CF 2 ~CFOCF ;j CF 2 CF $ *89/1 1 (weight ratio), and the limiting viscosity which used THF 

as the solvent was 1 ,4 dl/g. 

[0066]it was made to warm and dissolve in argon atmosphere, agitating this copolymer 10 
weight section to THF32 weight section. Let this- be the solution 1, Next, LIPF. was dissolved 

b 

in the solvent which mixed ethylene carbonate and propylene carbonate to 1/1 by the volume 
ratio in argon atmosphere by the concentration of 1 mol/L Let this be the solution 2. 
f0067]7he solution 2 of five weight sections was added to the solution 1 of 21 weight sections, 
and it heated and agitated at 80 *\ This solution was applied in bar coaler on the glass plate, It 
dried at 40 ** for 1 hour, acetone was removed, and the 1 00-micrometer-thick transparent 
polymer electrolyte film was obtained. Said copolymer, ethylene carbonate / propylene 
carbonate mixed solvent and LiPF. of the presentation of this film were 48/46/6 in the weight 
ratio, 

[0068JThis film was exfoliated from the glass substrate and electrical conductivity was 
measured in 25 ** and argon atmosphere by the aitemating-current-impedance method. 
Electrical conductivity was 4x10* 4 S/em. 

[0069'jNext the positive pole collector was produced as follows. It is 99.8 % of the weight or 
more of aluminum purity, and a copper content is less than 0,05 % of the weight, The mixed 
water solution which consists of 0. 1 % of the weight of 4 % of the weight of 1 % of the weight 
of 10 % of the weight of chlorides / phosphoric acid / nitric acid / sulfuric acid is used as an 
etching electrolysis solution using aluminium foil 20 micrometers in thickness, 7 cm in width, 
and 10 cm in length, 35 Hz and the 2nd step performed 25-Hz 2 steps of exchange etching at 

25 ** at 45 ** by current density 0.4 A/cm 2 at 0.3 A/cm 2 , and the 1st step obtained the 
aluminium foil which carried out surface roughening of both sides. 
[OOTOJThe obtained foil was 19 micrometers in thickness, and surface roughening layer 
thickness of both sides was the same, and was 2.5 micrometers, respectively. Hauling 
breaking strength was 1 .6 kg per foil width of 1 cm, when electron microscope observation was 
carried out by 20,000 times, the spongy etching pits were 0,1 micrometer of average pore 

sizes, the hole which exists in per [ 1 enr 1 was an abbreviation 8x10 3 individual, and electric 
capacity was 33F/om . 

|0071 ]UCo0 0 powder with a particle diameter of 5 micrometers as positive active material 
Eleven weight sections, Acetylene black with a particle diameter of 0.01 micrometer or less 
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was warmed as a conducting materia!, having mixed 1.5 weight sections and the above- 
mentioned copolymer by six weight sections, having mixed the solution 2 in argon atmosphere, 
and agitating 1 1 weight sections and THF70 weight section, and slurry was obtained, This 
slurry was applied to the above-mentioned aluminium foil in bar coatee It dried, and the anode 
was obtained. Abnormalities, such as exfoliation, were not accepted even If It bent the positive 
electrode body which consists of this positive pole collector, positive active material, and 
polymer electrolyte 180 degrees, 

10072] It Is rnesophase carbon fiber powder (the average diameter of 8 micrometers) as 
negative electrode active material. The average length of 50 micrometers, 0,336 nm of 
spacings (002) 12 weight sections, the copolymer 8 above-mentioned weight section, arid the 
solution 2 were warmed mixing and agitating 11 weight sections and THF70 weight section In 
argon atmosphere, and slurry was obtained. This slurry was applied and dried In bar coaler by 
20 micrometers in thickness to the copper foil which carried out sandblasting of the surface, 
and the negative electrode body was obtained. 

[0073]Fabricaie the above-mentioned polymer electrolyte Him on a 1 ,5-cm square, arid a 
positive electrode body with an effective electrode area of 1 cm x 1 cm and a negative 
electrode body are made to counter via this, It inserted and hound tight with two 
polytetrafluoroethylene backboards of a 3~em angle at 15 mm in thickness, and the lithium Ion 
secondary battery element was assembled by covering the outside with an outer packaging 
film. The whole also of this operation was performed in argon atmosphere. 
f0074JCharge~and-discharge conditions are constant current of 0.5C, and, as for charge 
voltages, discharge voltage did the charge-and-dlscharge cycle test by the potential regulation 
to 2.5V to 4.2V. As a result, the capacity maintenance rate after 500 cycles was 83%. 
[0075][Exampte 2] Except having used 1 00-micrometer-thick lithium/aluminum alloy toll as a 
negative electrode, the lithium secondary battery element was assembled like Example 1 , and 
the charge-and-discharge cycle test was done like Example 1 . The capacity maintenance rate 
after 500 cycles was 90%. 

i.0076||Exampte 3] the electrolytic condition of aluminum etching in Example 1 - that is, 
Frequency, current density, temperature, electrolysis time, etc. are changed, it has 19 
micrometers in thickness, and a surface roughening layer to both sides, and the thickness of 
one side is 6 micrometers, The number of holes with which the average pore size of the 
spongy etching pit measured by 20,000 times as many electron microscope observation exists 
in 0.08 micrometer and per [ 1 cm 2 ] is an abbreviation 4x10 10 individual and the aluminium 
foil charge collector whose portion by which surface roughening Is not carried out is 7 
micrometers was obtained. The hauling breaking strength of this foil was 0,8 kg per foil width 

of 1 cm. and electric capacity was 1S0F/cm 2 When the positive electrode body was produced 
like Example 1 , the positive electrode body cut during handling of a positive electrode body, 
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and use was not borne, 

|G077]iExampl<3 4] The positive electrode body was produced like Example 1 except having 
used for the positive pole collector what carried out surface roughening of the 30-micrometer- 
thick aluminium foil mechanically with the sandpaper of #800, A linear groove a depth of 7 
micrometers and 4-15 micrometers in width was formed In the surface of the charge collector 
by which surface roughening was carried out Where a positive electrode body is placed 
evenly, although It was normal, when bent 90 degrees, it exfoliated from the charge collector. 
When the polymer battery was produced like Example 1 using this positive electrode body and 
the charging and discharging cycle test was done, the capacity maintenance rate after 50 
cycles was 50%, 

[0078]When a linear groove a depth of 7 micrometers and 4-15 micrometers in width was 
formed like 20~micrometer~thsek aluminium foil and the positive electrode body was produced 
hke Example 1 , the intensify of the positive electrode body was weak and was not able to 
produce a cell. 
[0079] 

[Effect ot the InventionjSince the positive electrode body for nonaqueous secondary batteries 
of this invention has the strong adhesion power of positive active material and a binder, and a 
charge collector, a charge-discharge cycle characteristic Is excellent. Since the polymer 
electrolyte which contained the solvent and swelled also has a function of a binder in the case 
of the nonaqueous secondary battery which has a polymer electrolyte especially, compared 
with the cell of an electrolysis solution system, it has been a problem that the adhesion power 
of positive active material and a charge collector Is weak, but. If the positive electrode body of 
ibis Invention Is used, the adhesion power of positive active material and a polymer electrolyte, 
and a charge collector Is strong, and the polymer electrolyte use rechargeable battery 
excellent In the cycle characteristic is obtained. 



[Translation done ] 
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